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(54) Semiconductor memory device with ferroelectric thin film 



(57) There is provided a semiconductor memory de- 
vice with extremely less deterioration of characteristics 
of dielectric thin film and with high stability. A TaSiN bar- 
rier metal layer 1 3 is formed on a Pt upper electrode 1 2. 
This TaSiN barrier metal layer 1 3 has electrical conduc- 
tivity and hydrogen-gas blocking property and besides 
has an amorphous structure stable in high temperature 



region without crystallizing even during firing for crystal- 
lization of an oxide ferroelectric thin film (SBT thin film) 
11. Then, hydrogen gas generated during later forma- 
tion of a second interlayer insulating film 15 is reliably 
blocked from invading into the oxide ferroelectric thin 
film 11 , by which characteristic deterioration of the oxide 
ferroelectric thin film 11 due to hydrogen gas is prevent- 
ed. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates toa semiconduc- 
tor memory device utilizing high dielectric thin film or fer- 
roelectric thin film. 

SUMMARY OF THE INVENTION 

[0002] In recent years, as semiconductor memory de- 
vices such as DRAM (Dynamic Random Access Mem- 
ory) have been increasing in storage capacity with their 
higher densities and higher integrations, there have 
been studied semiconductor memories utilizing high di- 
electric thin film materials having higher dielectric con- 
stants as compared with silicon oxide. Among the high 
dielectric materials are STO (SrTi0 3 ; strontium titanate), 
BST ((Ba,Sr)Ti0 3 ; bariumstrontium titanate), tantalum 
oxide (Ta 2 0 5 ) and the like, which are under discussion 
for applications to high -integration DRAMs or the like. 
[0003] On the other hand, ferroelectric materials hav- 
ing many functions such as pyroelectricity, piezoelec- 
tricity and electro-optical effect are applied to a wide va- 
riety of device development including infrared sensors, 
piezoelectric filters, optical modulators and the like. 
Among others, nonvolatile memory devices (ferroelec- 
tric memory devices) utilizing the unique electrical char- 
acteristic of spontaneous polarization have been widely 
studied in view of their potentiality of replacing most 
memories from conventional nonvolatile memories to 
SRAMs (static RAMs) and DRAMs by virtue of their fast 
write/read operations, low voltage operations and other 
characteristics. 

[0004] The mainstream of ferroelectric materials has 
been those belonging to perovskite type oxides typified 
by PZT (Pb(Zr,Ti)0 3 ; lead zirco-titanate) . However, in 
recent years, bismuth layer-structured compound ma- 
terials such as SrBi 2 Ta 2 0 9 have been gaining attention 
in terms of their resistance to repetition of polarization 
inversion and being investigated for practical application 
to ferroelectric memory devices. 
[0005] Generally, in a semiconductor memory device 
which uses the aforementioned oxide thin-film materials 
as a capacitor insulating layer, after the formation of an 
upper electrode, it is covered with an interlayer insulat- 
ing film of BPSG (boro-phospho silicate glass) or the like 
which purposes primarily electrical insulation between 
semiconductor memory devices. In this case, unfortu- 
nately, hydrogen gas produced as a reactive byproduct 
has a reduction effect on the oxide thin-film interface so 
that the adhesion property between the upper electrode 
and the oxide thin film is bwered, which leads to a prob- 
lem that peeling occurs between the upper electrode 
and the oxide thin film. There is a further problem that, 
under the influence of the hydrogen gas, the dielectric 
constant of the capacitor lowers, or in the case of a fer- 
roelectric thin film, deterioration of its characteristics oc- 



curs. This has been a great obstacle in practicalizing de- 
vices using semiconductor memory devices in which the 
above oxide thin-film materials are employed as a ca- 
pacitor insulating film. 

5 [0006] Also, in a semiconductor memory device which 
uses MOS (Metal Oxide Semiconductor), transistors as 
a switching device, lattice defects occurring within a sil- 
icon single crystal substrate during the manufacturing 
process would cause characteristic deterioration of the 

10 MOS transistors. This would require restoring the MOS 
characteristics by heat treatment in a hydrogen-mixed 
nitrogen gas (forming gas) in the final process. However, 
the concentration of hydrogen in that process is higher 
than that of hydrogen produced during the formation of 

is the aforementioned interlayer insulating film, thus hav- 
ing a very large effect on the capacitor. 
[0007] In order to solve these problems, the following 
proposals have been made. First, in a ferroelectric 
memory described in Japanese Patent Laid-Open Pub- 

20 Hcation HEI 7-111318, upper part of a capacitor is coated 
with an Al, Si or Ti nitride thin film, which serves for a 
protective film. However, this protective film would crys- 
tallize at firing temperatures for crystallization of 
SrBi 2 Ta 2 0 9 when SrBi^Og is used as the ferroelec- 

25 trie substance. Then, the crystallized protective film dis- 
advantageously has difficulty in obtaining enough hy- 
drogen-gas blocking property because grain bounda- 
ries serve as paths. This would occur likewise also when 
a crystal protective film such as TiN film is used. 

30 [0008] Also, in a ferroelectric memory described in 
Japanese Patent Laid-Open Publication HEI 7-273297, 
a metal oxide layer which reacts with moisture content 
adsorbed to the inside of a ferroelectric thin film is used 
as a first protective film, and a ferroelectric layer which 

35 reacts with hydrogen gas produced in the process of 
forming an interlayer insulating film is used as a second 
protective film. However, when an insulator like the met- 
al oxide that is the first protective film is used as the pro- 
tective film for upper part of the capacitor, it is necessary 

40 to provide an opening as a takeout hole for the upper 
electrode, so that enough effect as a protective film 
could not be expected. Otherwise, because of lack of 
electrical conductivity, some structural contrivance 
would be necessitated, which leads to a problem that 

45 contrivances for film deposition or processing become 
also complex. 

[0009] Further, in the case of a memory device having 
a structure that several kinds of electrodes and metal 
wirings are present with the protective film interposed 

50 therebetween, as in the second protective film, when the 
protective film itself comes to have ferroelectricity, there 
may occur trouble in the operation of the memory de- 
vice. Therefore, it is necessary to suppress the devel- 
opment of ferroelectricity, for example, by non-crystal- 

55 ijzing or partly non-crystallizing the protective film, which 
leads to another problem that the manufacturing proc- 
ess becomes complex. 

[0010] In any case, the above protective films still re- 
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main problematic as a material forming the upper elec- 
trode. 

[0011] Furthermore, when an oxide high dielectric 
such as Ta 2 0 6 is used as a capacitor insulating film for 
' DRAMs or the like, TiN film is commonly used as the 
upper electrode. In this cass, there is a problem that ox- 
ygen of the capacitor insulating film escapes to the up- 
per electrode during the annealing after the formation of 
an interlayer insulating film, causing an increase of the 
leakage current. 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention is therefore 
to provide a semiconductor memory device which is ex- 
tremely small in deterioration of characteristics such as 
dielectric constant, residual dielectric polarization value, 
leakage current density, dielectric withstand voltage and 
the like of a dielectric thin film, and which is high in sta- 
bility. 

[0013] In order to achieve the above object, the 
present invention provides a semiconductor memory 
device comprising: 

a capacitor including a lower electrode, an oxide 
high-dielectric thin film or oxide ferroelectric thin 
film, and an upper electrode; and 
a barrier layer which covers the upper electrode of 
the capacitor and which has electrical conductivity 
and hydrogen-gas blocking property. 

[0014] With this constitution, after the formation of the 
barrier layer, the formation of the interlayer insulating 
film and the restoration of MOS characteristics are ex- 
ecuted, where hydrogen gas produced or used in these 
processes would attempt to invade into the oxide high- 
dielectric thin film or oxide ferroelectric thin film side. 
However^ this hydrogen gas is blocked by the barrier lay- 
er. Thus, the reduction effect of the hydrogen gas on the 
oxide dielectric thin-film interface is prevented, and the 
peeling between the upper electrode and the oxide die- 
lectric thin film as well as the characteristic deterioration 
of the capacitor including the oxide dielectric thin film 
are avoided. 

[0015] Further, because the barrier layer has electri- 
cal conductivity, there is no need of providing an elec- 
trode takeout hole. Accordingly, successful contact with 
the lead-out wiring can be achieved while the oxide di- 
electric thin film is protected enough. 
[0016] In an embodiment, the barrier layer has such 
an amorphous structure that the barrier layer is not crys- 
tallized at firing temperatures for crystallizing the oxide 
high-dielectric thin film or oxide ferroelectric thin film. 
[0017] With this constitution, the barrier layer main- 
tains the amorphous state without being crystallized at 
firing temperatures for crystallization of the oxide high- 
dielectric thin film or the oxide ferroelectric thin film. 
Therefore, paths of grain boundaries are not formed so 



that the barrier layer fulfills the hydrogen-gas blocking 
effect. 

[001 8] An embodiment further comprises a MOS tran- 
sistor connected to the capacitor. 
s [0019] With this constitution, hydrogen gas in the 
forming gas used for the characteristic restoration of the 
MOS transistors can be prevented by the barrier layer 
from invading the oxide high dielectric or the oxide fer- 
roelectric. 

w [0020] In an embodiment, the barrier layer is a nitride 
thin film in a combination of silicon and any one of zir- 
conium, niobium, molybdenum, hafnium, tantalum and 
tungsten, or a nitride thin film in a combination of silicon 
and any combination among zirconium, niobium, molyb- 

15 denum, hafnium, tantalum and tungsten. 

[0021] In an embodiment, the barrier layer is formed 
of a material which is expressed as MjjSi^Ny where M 
represents the zirconium, niobium, molybdenum, hafni- 
um, tantalum or tungsten, Si represents the silicon and 

20 N represents nitrogen, and which satisfies that 0.75 < x 
$0.95 and0<y£1.3. 

[0022] With this constitution, a barrier layer having 
good electrical conductivity and hydrogen-gas blocking 
property and moreover having an amorphous structure 

25 stable in high temperature region can be obtained. 
[0023] The present invention provides a semiconduc- 
tor memory device which comprises a capacitor includ- 
ing a lower electrode, an oxide high -dielectric thin film 
or oxide ferroelectric thin film stacked on the lower elec- 

30 trode, and an upper electrode which is stacked on the 
oxide high-dielectric thin film or oxide ferroelectric thin 
film and which has electrical conductivity and oxygen- 
gas blocking effect. 

[0024] With this constitution, after the formation of the 
35 oxide high-dielectric thin film or the oxide ferroelectric 
thin film, firing process is carried out for stabilizing this 
oxide high-dielectric thin film or the oxide ferroelectric 
thin film. In this process, escape of oxygen gas from the 
oxide high-dielectric thin film or the oxide ferroelectric 
40 thin film is prevented by the oxygen-gas blocking prop- 
erty of the upper electrode formed on the oxide high- 
dielectric thin film or the oxide ferroelectric thin film. 
Thus, any deterioration of the leakage current charac- 
teristic of the oxide high-dielectric thin film or the oxide 
^5 ferroelectric thin film due to the escape of oxygen gas 
is avoided. 

[0025] In an embodiment, the upper electrode has 
such an amorphous structure that the upper electrode 
is not crystallized at firing temperatures for crystallizing 
50 the oxide high-dielectric thin film or oxide ferroelectric 
thin film. 

[0026] Because the upper electrode maintains the 
amorphous state without being crystallized at firing tem- 
peratures of the oxide high-dielectric thin film or the ox- 
55 ide ferroelectric thin film, paths of grain boundaries are 
not formed so that the escape of the oxygen gas can be 
effectively prevented. 

[0027] An embodiment futher comprises a MOS tran- 
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sistor connected to the capacitor. 
[0028] With this constitution, during the restoration of 
characteristics of the MOS transistors, escape of oxy- 
gen gas from the oxide high-dielectric thin film or oxide 
ferroelectric thin film can be prevented by the upper 
electrode. 

[0029] In an embodiment, the upper electrode is a ni- 
tride thin film in a combination of silicon and any one of 
zirconium, niobium, molybdenum, hafnium, tantalum 
and tungsten, or a nitride thin film in a combination of 
silicon and any combination among zirconium, niobium, 
molybdenum, hafnium, tantalum and tungsten. 
[0030] In an embodiment, the upper electrode is 
formed of a material which is expressed as MxSi^Ny 
where M represents the zirconium, niobium, molybde- 
num, hafnium, tantalum or tungsten, Si represents the 
silicon and N represents nitrogen, and which satisfies 
that 0.75 <> x £ 0.95 and 0 < y <, 1 .3. 
[0031] With this constitution, an upper electrode hav- 
ing good electrical conductivity and oxygen-gas block- 
ing property and moreover having an amorphous struc- 
ture stable in high temperature region is formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The present invention will become more fully 
understood from the detailed description given here in- 
below and the accompanying drawings which are given 
by way of illustration only, and thus are not limitative of 
the present invention, and wherein: 

Fig. 1 is a sectional view of a ferroelectric memory 
device as an example of the semiconductor mem- 
ory device according to the present invention; 
Figs. 2A, 2B, 2C and 2D are views showing the for- 
mation procedure of the ferroelectric memory de- 
vice shown in Fig. 1 ; 

Fig. 3 is a view showing an external electric field - 
polarization hysteresis loop in the ferroelectric 
memory device shown in Fig. 1; 
Fig. 4 is a sectional view of a ferroelectric memory 
device according to the prior art; 
Figs. 5A, 5B, 5C and 5D are views showing the for- 
mation procedure of the prior art ferroelectric mem- 
ory device shown in Fig, 4; 
Fig. 6 is a view showing an external electric field - 
polarization hysteresis loop in the prior art ferroe- 
lectric memory device shown in Fig. 4; 
Fig. 7 is a sectional view of a high dielectric memory 
device as an example of the semiconductor mem- 
ory device of the present invention; 
Figs. 8A, BB, BC and 8D are views showing the for- 
mation procedure of a leakage current characteris- 
tic evaluation device which is a model of the high 
dielectric memory device shown in Fig. 7; and 
Figs. 9A, 9B, 9C and 9D are views showing the for- 
mation procedure of a leakage current characteris- 
tic evaluation device which is a model of the prior 



art high dielectric memory device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

5 

[0033] Hereinbelow, the present invention is de- 
scribed in detail by embodiments thereof illustrated in 
the accompanying drawings. 

10 (First Embodiment) 

[0034] In this embodiment, a barrier metal layer hav- 
ing electrical conductivity and hydrogen-gas blocking 
property and moreover having an amorphous structure 

15 stable in high temperature region is formed in upper part 
of a capacitor comprising a lower electrode, an oxide 
ferroelectric layer and an upper electrode, 
[0035] Fig. 1 is a sectional view of a ferroelectric mem- 
ory device of this embodiment. This ferroelectric mem- 

20 cry device has the following constitution. 

[0036] A MOS transistor 1 00 (which is one MOS tran- 
sistor constituting a CMOS (Complementary MOS) tran- 
sistor; the other MOS transistor is not shown) having a 
gate oxide film 2, a second conductive type impurity dif- 

25 fusion region 3 as a source region, and a second con- 
ductive type impurity diffusion region 4 as a drain region 
is formed on a first conductive type silicon substrate 1 
and covered with a first interlayer insulating film 5. Ref- 
erence numeral 6 denotes device isolation oxide film 

30 and 7 denotes a polysilicon word line. Then, in the first 
interlayer insulating film 5, a contact plug 8 is formed for 
connecting the CMOS transistor and capacitor part 200 
to each other. 

[0037] At a position on the first interlayer insulating 

35 film 5 where the contact plug 8 is provided, a Ti layer 
19, a TiN barrier metal layer 9, a Pt lower electrode 10, 
an oxide ferroelectric thin film 11, a Pt upper electrode 
12 and a TaSiN barrier metal layer 13 are provided in 
succession, forming the capacitor part 200. The capac- 

40 itor part is further covered with a Ta 2 O s barrier insulating 
film 14 and a second interlayer insulating film 15, and 
the Ta 2 0 5 barrier insulating film 14 and the second in- 
terlayer insulating film 1 5 on the TaSiN barrier metal lay- 
er 13 are opened to form an Al plate line 16. 

45 [0038] Furthermore, the entirety is covered with a 
third interlayer insulating film 17. Then, a contact hole 
is formed on the source region 3 in the third interlayer 
insulating film 17, where an Al bit line 18 for implement- 
ing contact with the source region 3 is formed. 

so [0039] In this arrangement, the TaSiN barrier metal 
layer 13 has electrical conductivity and hydrogen-gas 
blocking property, and has an amorphous structure sta- 
ble in high temperature region. Accordingly, hydrogen 
gas generated during the later formation of the second 

ss interlayer insulating film 15 is blocked from invading to 
the oxide ferroelectric thin film 11 side. Thus, the inter- 
face reduction and characteristic deterioration of the ox- 
ide ferroelectric thin film 11 due to the hydrogen gas is 
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prevented Further, the need of opening the upper elec- 
trode takeout rjole is eliminated by the property of elec- 
trical conductivity, and a good contact with the later- 
formed Al plate line 16 can be implemented while the 
oxide ferroelectric thin film 11 is protected. 
[0040] The ferroelectric memory device having the 
above constitution is formed by the following procedure. 
[0041] First, as shown in Fig. 2A, device isolation ox- 
ide film 6 for isolating devices from one another is 
formed on the first conductive type silicon substrate 1. 
After that, by a common MOSFET (MOS Field-Effect 
Transistor) formation process, a MOSFET 100 compris- 
ing the gate oxide film 2, the source region 3, the drain 
region 4 and the polysilicon word line 7 is formed. Then, 
after the MOSFET 100 is covered with the first interlayer 
insulating film 5 comprising BPSG, a contact hole is 
bored in only a part where the capacitor part 200 con- 
tacts the drain region 4, by using photolithography proc- 
ess and dry etching process, and impurity-diff used poly- 
silicon is buried therein to form the contact plug 8. Then, 
surfaces of the first interlayer insulating film 5 and the 
contact plug 8 are smoothed by CMP (Chemical Me- 
chanical Polishing) process. 
[0042] Next, as shown in Fig. 2B, the Ti layer 1 9 with 
film thickness 3000 A and the TiN barrier metal layer 9 
with film thickness 2000 A are deposited in succession 
by sputtering, and subsequently, Pt thin film is deposited 
at a film thickness of 1000 A by sputtering, by which a 
Pt lower electrode 10 is formed. Then, on this Pt lower 
electrode 10, SrBi^Og thin film (hereinafter, abbrevi- 
ated as SBT thin film) is deposited at a film thickness of 
2000 A as the oxide ferroelectric thin film 11 . In addition, 
the formation of the SBT thin film 1 1 is achieved through 
a process of spin coating a precursor solution which has 
been prepared with a slightly Bi-excess ratio of Sr ; Bi : 
Ta = 1 : 2.2 : 2, divisionally in three times, drying and 
then firing the product. After that, Pt film is deposited at 
a film thickness of 1000 A by sputtering to form the Pt 
upper electrode 12, and further thereon, the TaSiN bar- 
rier metal layer 13 is deposited at a film thickness of 
1000 A. It is noted that the Ti layer 19 is a layer for re- 
duction of contact resistance with the contact plug 8 and 
for improvement in the adhesion with the Pt lower elec- 
trode 10. 

[0043] Reactive sputtering process is used for the 
deposition of the TaSiN barrier metal layer 13. This re- 
active sputtering is implemented with an RF (Radio Fre- 
quency) sputtering instrument using a mixed gas of Ar 
and N 2 . This RF sputtering instrument is targeted for Ta 
and Si, and is enabled to change the Ta/Si/N composi- 
tion ratio by changing the supply power to each target 
and the N 2 gas flow-rate ratio. In this embodiment, the 
supply power to the Ta target was set to 300 W, while 
the supply power to the Si target was set to 400 W, and 
the N 2 gas flow-rate ratio in the mixed gas was 1 0% and 
the film-deposition pressure was 4.0 mTorr. Then, it was 
confirmed that the composition of the TaSiN thin film de- 
posited under these conditions was Tao .so s 'o.20 N o.59' bv 
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measurement using RBS (Rutherford Backscattering 
Spectrometry). 

[0044] After that, the Pt upper electrode 12 and the 
TaSiN barrier metal layer 13 are processed into a size 

5 of 1 .7 um square by using photolithography and dry 
etching processes, and then firing for crystallization of 
the SBT thin film (oxide ferroelectric thin film) 1 1 is done. 
Further, the SBT thin film 11 , the Pt lower electrode 10, 
the TiN barrier metal layer 9 and the Ti layer 1 9 are proc- 

10 essed into a size of 2.0 ujti square by using photolithog- 
raphy and dry etching processes, thus forming the lay- 
ers into such a configuration as shown in Fig. 2B. In ad- 
dition, an ECR (Electron Cyclotron Resonance) etcher 
is used for the dry etching. 

75 [0045] The TaSiN barrier metal layer 13 never crys- 
tallizes during the firing for the crystallization of the SBT 
thin film 1 1 , but maintains the amorphous structure sta- 
ble in high temperature region. Accordingly, it never oc- 
curs that grain boundaries make paths to cause insuffi- 

20 cient blocking of hydrogen gas, which would occur when 
the crystallization is involved. This was confirmed by the 
fact that when only the TaSiN thin film was deposited, 
the result of X-ray diffraction measurement on a sample 
fired under the same conditions was non-crystallinity. 

25 [0046] Next, as shown in Fig. 2C, the Ta 2 0 6 barrier 
insulating film 14 with film thickness 300 A was depos- 
ited by sputtering, and subsequently an ozone TEOS 
(tetraethoxysilane; Si(OC 2 H 5 ) 4 ) film with film thickness 
2000 A is formed by CVD (Chemical Vapor Deposition) 

30 to form the second interlayer insulating film 15. After 
that, in an area on the SBT thin film 11 in the Ta 2 O s bar- 
rier insulating film 14 and the second interlayer insulat- 
ing film 15, a 1.2 urn square contact hole is formed by 
photolithography and dry etching processes. 

3$ [0047] In this process, as described above, hydrogen 
gas is generated as a reactive byproduct during the for- 
mation of the second interlayer insulating (ozone TEOS) 
film 15. However, in this embodiment, since the TaSiN 
barrier metal layer 13 having hydrogen-gas blocking 

40 property and having an amorphous structure stable in 
high temperature region is formed on the Pt upper elec- 
trode 12, the invasion of this hydrogen gas to the oxide 
ferroelectric thin film 11 side is blocked securely. 
[0048] Next, as shown in Fig. 2D, the Al electrode is 

45 formed at a film thickness of 4000 A and processed by 
photolithography and dry etching processes so as to be 
formed into the Al plate line 16. After that, the Al plate 
line 16 is heat treated at 400°C for 30 min. in a normal- 
pressure nitrogen atmosphere, so that the electrode in- 

so terface is stabilized. 

[0049] Next, a plasma TEOS film is formed at a film 
thickness of 5000 A by plasma CVD process, to form 
the third interlayer insulating film 17 of Fig. 1. Then, a 
contact hole to the source region 3 is formed by photo- 
ns lithography and dry etching processes, and the Al bit line 
18 for enabling contact with the source region 3 is 
formed by using a known Al wiring technique. Thus, the 
ferroelectric memory device shown in Fig. 1 is formed. 
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[0050] After this on, although not described in detail, 
heat treatment is carried out in a hydrogen-mixed nitro- 
gen gas (forming gas) for the restoration of characteris- 
tic deteriorations of the MOS transistors 100 due to lat- 
tice defects that occur within the silicon single crystal * 
substrate during the fabrication of the ferroelectric mem- 
ory device. Although the hydrogen concentration of the 
forming gas used in this case Is higher than that of hy- 
drogen generated during the formation of the second in- 
terlayer insulating film 15, the invasion of the hydrogen 
gas in the forming gas to the oxide ferroelectric thin film 
11 side is blocked by the TaSiN barrier metal layer 13 
formed on the Pt upper electrode 12. 
[0051] Ferroelectric characteristics of the ferroelectric 
memory device formed in this way were measured with 
the Soya tower bridge circuit. Fig. 3 shows an external 
electric field - polarization hysteresis loop with an appli- 
cation voltage of 3 V. From Fig. 3, it was confirmed that 
the residual dielectric polarization Pr was 8.5 u.C/cm 2 
and the coercive electric field Ec was 40 kV/cm, hence 
enough ferroelectric characteristics as a ferroelectric 
capacitor. Also, the leakage current density of the ferro- 
electric memory device was measured by current-volt- 
age measurement process. As a result, from the fact 
that the leakage current at an application voltage of 3 V 
was 5 x 10* 8 A/cm 2 and that dielectric breakdown did 
not occur even at the application voltage of 10 V, it was 
confirmed that the ferroelectric memory device has 
enough leakage current characteristic as a ferroelectric 
capacitor. 

[0052] Next, results of a comparison between the fer- 
roelectric memory device of this embodiment and a fer- 
roelectric memory device of the prior art (hereinafter, re- 
ferred to as a comparative sample) are described. Fig. 
4 is a sectional view of the comparative sample. 
[0053] A first conductive type silicon substrate 21, a 
gate oxide film 22, a source region (second conductive 
type impurity diffusion region) 23, a drain region (second 
conductive type impurity diffusion region) 24, a first in- 
terlayer insulating film 25, a device isolation oxide film 
26, a polysilicon word line 27, a contact plug 28, a Ti 
layer 38, a TiN barrier metal layer 29, a Pt lower elec- 
trode 30, an oxide ferroelectric thin film 31, a Pt upper 
electrode 32, a Ta 2 0 5 barrier insulating film 33, a second 
interlayer insulating film 34, a third interlayer insulating 
film 39 and an Al bit line 40 have the same constitutions 
as the first conductive type silicon substrate 1 , the gate 
oxide film 2, the source region (second conductive type 
impurity diffusion region) 3, the drain region (second 
conductive type impurity diffusion region) 4, the first in- 
terlayer insulating film 5, the device isolation oxide film 
6, the polysilicon word line 7, the contact plug 8, the 71 
layer 1 9, the TiN barrier metal layer 9, the Pt lower elec- 
trode 10, the oxide ferroelectric thin film 11 , the Pt upper 
electrode 12, the Ta 2 O s barrier insulating film 14, the 
second interlayer insulating film 15, the third interlayer 
insulating film 1 7 and the Al bit line 1 8 in the ferroelectric 
memory device shown in Fig. 1, respectively. 



[0054] Furthermore, in this comparative sample, the 
Ta 2 0 5 barrier insulating film 33 and the second Interlay- 
er insulating film 34 formed on the Pt upper electrode 
32 are opened, where a Ti contact layer 35, a TIN barrier 
metal layer 36 and an Al plate line 37 are formed. It is 
noted that the TiN barrier metal layer 36 is a hydrogen 
gas blocking layer. Also, the Ti contact layer 35 is a con- 
tact layer for contact between the second Interlayer in- 
sulating film 34 and the TiN barrier metal layer 36. 
[0055] The above comparative sample is formed by 
the following procedure. 

[0056] By the same procedure as that for the ferroe- 
lectric memory device of this embodiment, as shown in 
Figs. 5A and 5B, on a first conductive type silicon sub- 
strate 21 , are formed a gate oxide film 22, a source re- 
gion 23, a drain region 24, a first interlayer insulating 
film 25, a device isolation oxide film 26, a polysilicon 
word line 27, a contact plug 28, a TIN barrier metal layer 
29, a Pt lower electrode 30, an oxide ferroelectric thin 
20 film (SBT thin film) 31 and a Pt upper electrode 32. Then, 
the Pt upper electrode 32 is processed into a size of 1 .7 
uin square, the SBT thin film 31 is fired, and the SBT 
thin film 31, the Pt lower electrode 30, the TiN barrier 
metal layer 29 and a TI layer 38 are processed into a 
25 size of 2.0 u.m square. 

[0057] Next, further on these, by the same formation 
procedure as with the ferroelectric memory device of 
this embodiment, as shown in Fig. 5C, the Ta 2 0 5 barrier 
insulating film 33 and the second interlayer insulating 
30 film 34 are formed, and a 1 .2 |im square contact hole is 
formed in the region on the SBT thin film 31 . 
[0058] Next, as shown in Fig. 5D, Ti is deposited at a 
film thickness of 100 A, forming a Ti contact layer 35. 
Further, TiN is deposited at a film thickness of 500 A, 
35 forming a TiN barrier metal layer 36. After that, an A1 
electrode is formed at a film thickness of 4000 A, and 
these are processed by using the photolithography and 
dry etching processes so as to be formed into an Al plate 
line 37. Over these processes, heat treatment is carried 
40 out at 400°C for 30 min. in a normal-pressure nitrogen 
atmosphere, so that the electrode interface is stabilized. 
[0059] Next, subsequently thereon, by the same for- 
mation procedure as with the ferroelectric memory de- 
vice in this embodiment, a third interlayer insulating film 
45 39 and an Al bit line 40 are formed, by which a compar- 
ative sample as shown in Fig. 4 is formed. 
[0060] Ferroelectric characteristics of the compara- 
tive sample formed in this way were measured with the 
Soya tower bridge circuit. Fig. 6 shows an external elec- 
50 trie field - polarization hysteresis loop with an application 
voltage of 3 V. From the figure, it can be understood that 
the residual dielectric polarization Pr was 5.0 u.C/cm 2 
and the coercive electric field Ec was 60 kV/cmi where 
the residual dielectric polarization Pr decreased while 
55 the coercive electric field Ec increased, resulting in a 
smoother hysteresis loop, as compared with the hyster- 
esis loop of the ferroelectric memory device of the em- 
bodiment shown in Fig. 3. 



6 



11 



EP0 911 871 A2 



12 



[0061] The fact that the external electric field • polar- 
ization hysteresis loop is smoother means that it cannot 
be decided easily nor correctly in some cases whether 
the retained information is "0" or "1". The reason of this 
is that because the hydrogen-gas blocking layer of the 
comparative sample is implemented by the TiN barrier 
metal layer 36 of columnar crystal, grain boundaries or 
the like make paths so that enough hydrogen-gas block- 
ing effect cannot be obtained, causing deterioration of 
the partial pressure characteristic of the SBT thin film 
(oxide ferroelectric thin film) 11. 
[0062] Also, the leakage current density of the com- 
parative sample was measured by current-voltage 
measurement process. As a result, it was confirmed that 
the leakage current at the applied voltage of 3 V was 3 
x 10' 5 A/cm 2 , where dielectric breakdown occurred at 
around the applied voltage 3 V, hence characteristics 
necessary for the application to the capacitor having 
been impaired. This means that enough hydrogen-gas 
blocking effect was not obtained by the TiN barrier metal 
layer 36 while the leakage current characteristic of the 
ferroelectric capacitor also deteriorated. 
[0063] In contrast to this, in the ferroelectric memory 
device of this embodiment, the hydrogen-gas blocking 
layer is implemented by the TaSiN barrier metal layer 
13 having electrical conductivity and hydrogen-gas 
blocking property. Then, this TaSiN barrier metal layer 
13 maintains the amorphous structure stable in high 
temperature region without crystallizing even during the 
firing for the crystallization of the SBT thin film 1 1 . There- 
fore, hydrogen gas generated during the later formation 
of the second interlayer insulating film 1 5 can be blocked 
reliably. Besides, because the TaSiN barrier metal layer 
13 has electrical conductivity, the need of opening an 
electrode takeout hole is eliminated, thus making it pos- 
sible to obtain good contact with the Al plate line 1 6 while 
the SBT thin film 11 is sufficiently protected. 
[0064] That is, according to this embodiment, deteri- 
oration of characteristics of the STB thin film 11 due to 
hydrogen gas generated during the formation of the sec- 
ond interlayer insulating film 15 can be prevented. As a 
result, an abrupt external electric field - polarization hys- 
teresis loop can be maintained, so that a successful 
memory device is obtained which can discriminate 
whether the retained information is "0" or "1", easily and 
correctly. 

[0065] In addition, although sputtering is used in this 
embodiment for the formation of the TaSiN barrier metal 
layer 13, other processes such as CVD process may 
also be used without any constraints. 
[0066] Also, in this embodiment, the TaSiN barrier 
metal layer 1 3 is used as the hydrogen gas barrier metal 
layer, but this invention is not limited to this. For exam- 
ple, even nitrides in combination of Si and any one of 
Zr, Nb, Mo, Hf , Ta and W, or even nitrides in combination 
of Si and any combination among Zr, Nb, Mo, Hf, Ta and 
W can also prevent the diffusive permeation of hydrogen 
gas, and effects similar to those of TaSiN can be expect- 



ed. 

[0067] Also, this embodiment has been described on 
a case where the TaSiN barrier metal layer 13 has a 
composition of Tao >80 Sio >20 N 0 59 . However, as a result of 

s experiments in which values of x, y were varied in an 
expression of the hydrogen gas barrier metal, 
MxSi^Ny, it was confirmed that only if 0.75 £ x £ 0.95 
and 0 < y < 1.3, then the hydrogen gas blocking effect 
can be obtained, where M is any one of Zr, Nb, Mo, Hf, 

w TaandW. 

[0068] Furthermore, in this embodiment, SBT thin film 
is used as a material for the oxide ferroelectric thin film. 
However, without being limited to this, the present inven- 
tion is applicable to such materials as PZT(Pb(Zr, Ti)0 3 ), 

is SrBi2Nb 2 0 9t SrBigfra.NbfeOg, Bi 4 Ti 3 0 12 , SrBi 4 T^0 15 , 
SrBi 4 (Ti,Zr)40 15 , CaBi 2 Ta 2 0 9 , BaBi^Og, BaBi2Nb 2 0 9 , 
PbB^T^Og and the like. 

[0069] Also, although the above embodiment has 
been explained on an example of hydrogen-gas block- 
20 ing effect for the oxide ferroelectric thin film, hydrogen- 
gas blocking effect can be obtained also for an oxide 
high-dielectric thin film, making it possible to prevent 
peelings between the upper electrode and the oxide 
high-dielectric thin film due to the invasion of hydrogen 
25 gas as well as characteristic deteriorations of the oxide 
high-dielectric capacitor. 

(Second Embodiment) 

[0070] In this embodiment, an upper electrode having 
electrical conductivity and oxygen-gas blocking proper- 
ty and moreover exhibiting an amorphous structure sta- 
ble in high temperature region is formed on an oxide 
high-dielectric thin film. 

[0071] Fig. 7 is a sectional view of a high dielectric 
memory device of this embodiment. This high dielectric 
memory device has the following constitution. 
[0072] That is, a MOS transistor 101 having a gate 
oxide film 42, a second conductive type impurity diffu- 
sion region 43 as a source region, and a second con- 
ductive type impurity diffusion region 44 as a drain re- 
gion is formed on a first conductive type silicon substrate 
41 and covered with a first interlayer insulating film 45. 
Reference numeral 46 denotes device isolation oxide 
45 film and 47 denotes a polysilicon word line. Then, in the 
first interlayer insulating film 45, a contact plug 48 is 
formed for connecting the MOS transistor 101 and ca- 
pacitor part 201 to each other. 
[0073] At a position on the first interlayer insulating 
50 film 45 where the contact plug 48 is provided, a TIN bar- 
rier metal layer 49, a Pt lower electrode 50, an oxide 
high-dielectric thin film 51 and a TaSiN upper electrode 
52 are formed in succession, forming the capacitor part 
201 . The capacitor part 201 is further covered with a 
55 second interlayer insulating film 53, and the second in- 
terlayer insulating film 53 on the TaSiN upper electrode 
52 is opened, where an Al plate line 54 is formed. 
[0074] Furthermore, the entirety is covered with a 
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third interlayer insulating film 55. Then, a contact hole 
is formed on the source region 43 in the third interlayer 
insulating film 55, where an Al bit line 56 for implement- 
ing contact with the source region 43 is formed. 
[0075] In this arrangement, the TaSiN upper electrode 
52 has electrical conductivity and oxygen-gas blocking 
property, and has an amorphous structure stable in high 
temperature region. Accordingly, oxygen gas that would 
attempt to escape from the oxide high-dielectric thin film 
51 to the upper electrode side during the firing of the 
oxide high-dielectric thin film 51 is blocked. Thus, a high 
dielectric memory device having successful leakage 
current characteristic can be obtained. In addition, oxide 
ferroelectric thin film may also be used in place of the 
oxide high-dielectric thin film 51 . 
[0076] Hereinbelow, the effect of the TaSiN upper 
electrode 52 for preventing deterioration of leakage cur- 
rent characteristic of the oxide high-dielectric thin film 
51 is explained more concretely on an example of a sim- 
pler model device (hereinafter, referred to as a leakage 
current characteristic evaluation device). 
[0077] Fig. 8D is a sectional view of the leakage cur- 
rent characteristic evaluation device. This leakage cur- 
rent characteristic evaluation device has 4 x 10 7 arrays, 
allowing a multiplicity of evaluation results to be ob- 
tained at a time and having the following constitution. 
[0078] That is, an N* type impurity diffusion layer 62 
(where the MOS in Fig. 7 is assumed) and a first inter- 
layer insulating film 63 are formed on an N type silicon 
substrate 61. Then, in the first interlayer insulating film 
63, a polysilicon plug 64 for connecting the N + type im- 
purity diffusion layer 62 and the capacitor part to each 
other is formed, and a side wall 65 is formed at a site 
where this polysilicon plug 64 is protruded from the first 
interlayer insulating film 63. 

[0079] In a specified area including the polysilicon 
plug 64 and the side wall 65, a capacitor insulating film 
66 as the oxide high-dielectric thin film and a TaSiN up- 
per electrode 67 are formed, constituting the capacitor 
part. Further, the entirety is covered with a second in- 
terlayer insulating film 68. Then, a contact hole is formed 
on the TaSiN upper electrode 67 in the second interlayer 
insulating film 68, where an Al pull-up electrode 69 for 
implementing contact with the TaSiN upper electrode 67 
is formed. 

[0080] The leakage current characteristic evaluation 
device having the above constitution is formed by the 
following procedure. 

[0081] First, as shown in Fig. 8A, the N + type impurity 
diffusion layer 62 is formed over the entire surface of the 
N type silicon substrate 61, and then covered with the 
first interlayer insulating film 63 comprising BPSG. After 
that, at a specified position on the first interlayer insu- 
lating film 63, a contact hole having a 0.18 um diameter 
is bored by using photolithography process and dry 
etching process, and impurity-diffused polysilicon is bur- 
ied therein to form the polysilicon plug 64. Then, a 0.55 
jim x 0.3 jim rectangular area is formed in upper part of 



the polysilicon plug 64 so as to protrude on the first in- 
terlayer insulating film 63. 

[0082] Next, as shown in Fig. 8B, NSG (Non-doped 
Silicate Glass) with film thickness 1000 A is deposited 

s by CVD process, and the side wall 65 is formed by etch- 
back. After that, surface nitriding process is carried out 
in ammonia by RTA (Rapid Thermal Annealing), and a 
Ta 2 0 2 thin film with film thickness 1 20 A is deposited by 
CVD process to provide the capacitor insulating film 66. 

io Then, firing process at 500*0 - 700*C for 30 min. is car- 
ried out in an oxygen atmosphere in order to stabilize 
the TagOg thin film (capacitor insulating film) 66. Over 
these steps, as shown in Fig. 8C, a TaSiN thin film is 
formed at a film thickness of 1 000 A, by which the TaSiN 

T5 upper electrode 67 is provided. 

[0083] In addition, during the firing for the stabilization 
of the capacitor insulating film 66, the TaSiN upper elec- 
trode 67 does not crystallize but maintains an amor- 
phous structure stable in high temperature region. As a 

20 result, by the firing process, oxygen that would attempt 
to escape from the capacitor insulating film 66, which is 
an oxide high dielectric, to the TaSiN upper electrode 67 
side is blocked reliably. 

[0084] Reactive sputtering process is used for the 
25 deposition of the TaSiN upper electrode 67. This reac- 
tive sputtering is implemented with an RF sputtering in- 
strument using a mixed gas of Ar and N 2 . In this embod- 
irnent.'the supply power to the Ta target was set to 300 
W, while the supply power to the Si target was set to 400 

so w, and the N 2 gas flow-rate ratio in the mixed gas was 
10% and the film-deposition pressure was 4,0 mTorr. 
Then, it was confirmed that the composition of the TaSiN 
thin film deposited under these conditions was 
Ta o.eo Si o.20 N o.59' b y measurement using RBS. 

35 [0085] After that, as shown in Fig. 8D, the capacitor 
insulating film 66 and the TaSiN upper electrode 67 are 
patterned by using photolithography and dry etching 
processes, and a 2000 A thick ozone TEOS film is 
formed by using CVD process, by which the second in- 

40 ter layer insulating film 68 is provided. After that, on the 
assumption of conditions for actual DRAM fabrication 
process, firing process at 500°C - 600°C for 30 min. is 
carried out in a nitrogen atmosphere. 
[0086] Next, a contact hole is formed at a specified 

45 position on the TaSiN upper electrode 67 in the second 
interlayer insulating film 68 by using photolithography 
and dry etching processes, where the Al pull-up elec- 
trode 69 for implementing contact with the TaSiN upper 
electrode 67 is formed at a film thickness of 4000 A. 

50 Then, the Al pull-up electrode 69 is formed by using pho- 
tolithography and dry etching processes, by which a 
leakage current characteristic evaluation device which 
is a model of the high dielectric memory device shown 
in Fig. 7 is formed. 

ss [0087] In the leakage current characteristic evaluation 
device formed in this way, leakage current of the capac- 
itor insulating film 66 after the firing process was meas- 
ured by current-voltage measuring process. The meas- 
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urement in this case was carried out by applying a volt- 
age between the Al pull-up electrode 69 and the N + type 
impurity diffusion layer 62. As a result, it was confirmed 
that the leakage current at an applied voltage of 1.0 V 
was 1.2 X 10* 8 A/cm 2 , hence enough leakage current 
characteristic as a high dielectric capacitor. 
[0088] Next, results of a comparison between the 
leakage current characteristic evaluation device which 
is a model of the high dielectric memory device of this 
embodiment and a leakage current characteristic eval- 
uation device which is a model of the prior art high die- 
lectric memory device (hereinafter, referred to as a com- 
parative sample) are described. Fig. 9D is a sectional 
view of the comparative sample. 
[0089] An N type silicon substrate 71 , an N + type im- 
purity diffusion layer 72, a first interiayer insulating film 
73. a polysilicon plug 74, a side wall 75, a capacitor in- 
sulating film 76, a second interiayer insulating film 78 
and an Al pull-up electrode 79 have the same constitu- 
tions as the N type silicon substrate 61 , the N + type im- 
purity diffusion layer 62, the first interiayer insulating film 
63, the polysilicon plug 64, the side wall 65, the capacitor 
insulating film 66, the second interiayer insulating film 
68 and the Al pull-up electrode 69 shown in Fig.SD, re- 
spectively. 

[0090] Furthermore, in the comparative sample, a UN 
upper electrode 77 is formed on the capacitor insulating 
film 76, and put into contact with the Al pull-up electrode 
79. 

[0091] The above comparative sample is formed by 
the fol towing procedure. 

[0092] By the same formation procedure as that for 
the leakage current characteristic evaluation device in 
this embodiment, as shown in Figs. 9A and 9B, on the 
N type silicon substrate 71, are formed an N + type im- 
purity diffusion layer 72, a first interiayer insulating film 
73, a polysilicon plug 74, a side wall 75 and a capacitor 
insulating film 76. Then, firing process is carried out to 
stabilize the capacitor insulating film 76. 
[0093] Next, as shown in Fig. 9C, a TiN thin film is 
formed at a film thickness of 1000 A by CVD process, 
by which a TiN upper electrode 77 is provided. 
[0094] Subsequently, by the same procedure as the 
formation procedure of the leakage current characteris- 
tic evaluation device in this embodiment, as shown in 
Fig. 9D, the capacitor insulating film 76 and the TiN up- 
per electrode 77 are patterned and, after that, the sec- 
ond interiayer insulating film 78 and the Al pull-up elec- 
trode 79 are formed. In this way, a comparative example 
which is a model of the prior art high dielectric memory 
device having a TiN upper electrode is formed. 
[0095] Leakage current of the fired capacitor insulat- 
ing film 76 in the comparative sample formed in this way 
was measured by current-voltage measurement proc- 
ess. As a result, the leakage current at the applied volt- 
age of 1.0 V was 4.13 x 10" 6 A/cm 2 , showing an in- 
crease in leakage current of about two orders as com- 
pared with that of a current-voltage measurement ded- 



icated device using the high dielectric capacitor of this 
embodiment. This value is an insufficient value for use 
as a high dielectric capacitor. In addition, the increase 
in leakage current is due to the fact that enough oxygen- 

5 gas blocking effect is not obtained because the upper 
electrode of the comparative example is made of TIN. 
[0096] In contrast to this, in the leakage current char- 
acteristic evaluation device which is a model of the fer- 
roelectric memory device of this embodiment, the upper 

to electrode is formed of TaSiN having electrical conduc- 
tivity and oxygen-gas blocking property. Therefore, this 
TaSiN upper electrode 67 maintains the amorphous 
structure stable in high temperature region without crys- 
tallizing even during the firing of the capacitor insulating 

15 film 66, which is an oxide high-dielectric thin film. Thus, 
oxygen gas that would escape toward the TaSiN upper 
electrode 67 side can be blocked reliably. 
[0097] Further, such an oxygen-gas blocking function 
of the leakage current characteristic evaluation device 

20 in this embodiment can be exerted likewise also in the 
case of the high dielectric memory device having the ca- 
pacitor part comprising the Pt lower electrode 50, the 
oxide high-dielectric thin film 51 and the TaSiN upper 
electrode 52 as shown in Fig. 7. Therefore, according 

25 to this embodiment, a high dielectric memory device 
having good leakage current characteristics can be ob- 
tained. 

[0098] In addition, although sputtering is used in this 
embodiment for the formation of the TaSiN upper elec- 
ta trode 67, other processes such as CVD process may 
also be used without any constraints. 
[0099] Also, in this embodiment, TaSiN is used as the 
barrier metal for oxygen gas, but this invention is not 
limited to this. For example, even nitrides in combination 
35 of Si and any one of Zr, Nb, Mo, Hf, Ta and W, or even 
nitrides in combination of Si and any combination 
among Zr, Nb, Mo, Hf, Ta and W can also prevent the 
escape of oxygen gas from the oxide high dielectric, 
where nearly the same effects as with TaSiN can be ex- 
40 pected. 

[0100] Also, this embodiment has been described on 
a case where the TaSiN upper electrode 67 as an oxy- 
gen-gas barrier layer has a composition of 
Ta o.80 Si o.20 N o.69- However, as a result of performing 

45 tests in which values of x, y were varied in an expression 
of the oxygen gas barrier metal, M^i^N^ it was con- 
firmed that only if 0.75 <, x <, 0.95 and 0 < y <, 1 .3, then 
the hydrogen gas blocking effect can be obtained, 
where M is any one of Zr, Nb, Mo, Hf, Ta and W. 

50 [0101] As apparent from the above description, ac- 
cording to the semiconductor memory device of the 
present invention, since a barrier layer having electrical 
conductivity and hydrogen-gas blocking property is pro- 
vided on a capacitor comprising a lower electrode, an 

55 oxide high-dielectric thin film or oxide ferroelectric thin 
film and an upper electrode, hydrogen gas generated 
during the formation of the interiayer insulating film or 
hydrogen gas used during the restoration of the MOS 
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characteristics can be blocked by the barrier layer from 
invading to the oxide high-djelectric thin film or oxide fer- 
roelectric thin film side. 

. [0102] Therefore, the reduction effect of the hydrogen 
gas on the oxide dielectric thin-film interface can be pre- 
vented, and the peeling between the upper electrode 
and the oxide dielectric thin film as well as the charac- 
teristic deterioration of the capacitor including the oxide 
dielectric thin film can be avoided. 
[0103] Further, because the barrier layer has electri- 
cal conductivity, thereis no need of providing an opening 
as an electrode takeout hole. Accordingly, the barrier 
layer can be brought into good contact with the lead-out 
wiring while sufficiently protecting the oxide dielectric 
thin film. 

[0104] Furthermore, when the barrier layer never 
crystallizes but keeps amorphous at the firing tempera- 
tures for crystallizing the oxide dielectric thin film, paths 
of grain boundaries are not formed so that the hydrogen - 
gas blocking effect can be fulfilled effectively. 
[0105] Also, in the semiconductor memory device of 
the present invention, since an upper electrode having 
electrical conductivity and oxygen-gas blocking proper- 
ty is provided on an oxide high-dielectric thin film, oxy- 
gen gas can be prevented by the oxygen-gas blocking 
effect of the upper electrode from escaping from the ox- 
ide high-dielectric thin film during the firing of the oxide 
high-dielectric thin film. Therefore, deterioration of the 
leakage current characteristic of the oxide high-dielec- 
tric thin film due to the escape of the oxygen gas can be 
avoided. 

[0106] Furthermore, when the upper electrode never 
crystallizes but keeps amorphous at the firing tempera- 
tures for the oxide high-dielectric thin film, paths of grain 
boundaries are not formed so that the prevention of es- 
cape of the oxygen gas from the oxide high-dielectric 
thin film can be fulfilled effectively. 
[0107] The invention being thus described, it will be 
obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 



Claims 



1. A semiconductor memory device comprising: 



2. The semiconductor memory device according to 
Claim 1, wherein 

the barrier layer (1 3) has such an amorphous 
structure that the barrier layer is not crystallized at 
5 firing temperatures for crystallizing the oxide high- 
dielectric thin film or oxide ferroelectric thin film (11 ) 

3. The semiconductor memory device according to 
Claim 1 , further comprising 

to a MOS transistor (100) connected to the ca- 

pacitor (200). 

4. The semiconductor memory device according to 
Claim 1, wherein 

is the barrier layer (1 3) is a nitride thin film in a 

combination of silicon and any one of zirconium, 
niobium, molybdenum, hafnium, tantalum and tung- 
sten, or a nitride thin film in a combination of silicon 
and any combination among zirconium, niobium, 

20 molybdenum, hafnium, tantalum and tungsten. 

5. The semiconductor memory device according to 
Claim 4, wherein 

the barrier layer (13) is formed of a material 
25 which is expressed as I^Si^Ny where M repre- 
sents the zirconium, niobium, molybdenum, hafni- 
um, tantalum or tungsten, Si represents the silicon 
and N represents nitrogen, and which satisfies that 
0.75 £ x < 0.95 and 0 < y £ 1 .3. 

30 

6. A semiconductor memory device which comprises 
a capacitor (201) including a lower electrode (50), 
an oxide high-dielectric thin film (51 ) or oxide ferro- 
electric thin film stacked on the lower electrode (50), 

35 and an upper electrode (52) which is stacked on the 
oxide high-dielectric thin film (51) or oxide ferroe- 
lectric thin film and which has electrical conductivity 
and oxygen-gas blocking effect. 
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a capacitor (200) including a lower electrode 
(10), an oxide high-dielectric thin film or oxide 
ferroelectric thin film (11), and an upper elec- 
trode (12); and 

a barrier layer (1 3) which covers the upper elec- & 
trode (1 2) of the capacitor (200) and which has 
electrical conductivity and hydrogen-gas block- 
ing property. 



7. The semiconductor memory device according to 
Claim 6, wherein 

the upper electrode (52) has such an amor- 
phous structure that the upper electrode (52) is not 
crystallized at firing temperatures for crystallizing 
the oxide high-dielectric thin film (51) or oxide fer- 
roelectric thin film. 

8. The semiconductor memory device according to 
Claim 6, further comprising 

a MOS transistor (101) connected to the ca- 
pacitor (201). 

9. The semiconductor memory device according to 
Claim 6, wherein 

the upper electrode (52) is a nitride thin film 
in a combination of silicon and any one of zirconium, 
niobium, molybdenum, hafnium, tantalum and tung- 
sten, or a nitride thin film in a combination of silicon 
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and any combination among zirconium, niobium, 
molybdenum, hafnium, tantalum and tungsten. 

10. The semiconductor memory device according to 
Claim 9, wherein 5 

the upper electrode (52) is formed of a mate- 
rial which is expressed as M^i^Ny where M rep- 
resents the zirconium, niobium, molybdenum, haf- 
nium, tantalum or tungsten, Si represents the silicon 
and N represents nitrogen, and which satisfies that io 
0.75 £ x £ 0.95 and 0 < y £ 1 .3. 

1 1 . A semiconductor memory device including a capac- 
itor comprising a lower electrode, an oxide dielectric 
thin film or oxide ferroelectric thin film on the lower is 
electrode, and a layer for reducing gas transfer and 
having electrical conductivity. 
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